Abstract. A ramped electron bunch (i.e. one having a current density which rises linearly from the head to the tail and then drops sharply to zero) has been predicted to be an ideal drive beam for the plasma wake field accelerator due to the large transformer ratio it is capable of generating. A scheme was recently proposed for the creation of a relativistic electron bunch that approximates a ramped current profile [England, et al., AIP Conf. Proc. 647, p.884 (2002)], using a dogleg or dispersionless translating section as a bunch compressor. An experiment is underway at the Neptune laboratory using this scheme to create such a beam. The diagnostic being developed for measuring the temporal profile of the beam is an X-Band transverse deflecting mode cavity.
INTRODUCTION
An experiment at the UCLA Neptune Laboratory was recently proposed for creating an asymmetric electron bunch having a ramp-shaped current profile using a dispersionless translating section (or dogleg) as a magnetic compressor [1] . This type of current profile is of interest because it approximates the "doorstep" profile (i.e. a square pulse for the first quarter of a plasma period, followed by a triangular ramp) that is predicted to be an ideal drive bunch for the plasma wake-field accelerator (PWFA) [2] , due to the fact that it maximizes the amplitude of the induced wake field and minimizes the energy loss experienced by the drive beam. An example of the longitudinal phase space distribution (a) and current profile (b) of a beam which approximates this profile is shown in Fig.  1 . In (b) the idealized profile is superimposed. A two-dimensional particle-in-cell (PIC) simulation (c) of the longitudinal wake-field excited by the high-charge beam shown in (a) in a plasma of density 10 16 cm −3 predicts a peak field of 10 GV/m with a transformer ratio of 11.
A schematic of the Neptune beamline and dogleg compressor is shown in Fig. 2 . The proposed method takes advantage of the RF curvature in the longitudinal phase space distribution of a positively chirped (i.e. back-of-crest) driving beam. A pure negative R 56 compression of the longitudinal phase space of such a distribution in the dogleg section results in a ramp-shaped current profile of a few picosecond to sub-picosecond duration, which is ideal for use as a driving beam for large amplitude plasma wake-fields with high transformer ratios. In the present paper, we report further experimental results using coherent transition radiation (CTR) interferometry as a bunch length diagnostic, and discuss in detail the experimental plan for temporally resolving the beam's current profile at the sub-picosecond level using a deflecting mode cavity.
BACKGROUND
The beam-shaping mechanism for producing current profiles of the sort shown in Fig.  1 has been discussed in detail elsewhere [3] and will therefore only be briefly outlined here. This mechanism relies upon the use of a dispersionless translating section to perform a linear transformation, due to the longitudinal dispersion (element R 56 of the transport matrix), upon the longitudinal coordinate space of the particles in the beam. A dispersionless translating section, or dogleg, consists of two dipole bend magnets of opposite polarity separated by focusing elements (to help eliminate horizontal dispersion), and is typically used to translate the beam axis transversely. The S-Bahn section in Fig.  2 is an example of this type of structure. It is essentially half of a magnetic chicane, with the addition of focusing quadrupole magnets and drifts. The bend magnets are marked B1 and B2, and symmetrically placed quadrupoles are denoted as Q1 and Q2.
This compression technique requires that the transformation of the longitudinal phase space be approximately linear in the momentum (i.e. dominated by R 56 ). However, for a chirped input beam having a large spread in momentum, nonlinear effects having higher order dependences on powers of the momentum error become significant. For a beam of large momentum spread and small emittance, the action of a dogleg compressor upon the longitudinal phase space of the beam is approximated (to second order) by the following transformation on the longitudinal coordinate z
Here z 0 and z f are the initial and final values of the longitudinal coordinate respectively, δ is the fractional momentum error, x 0 and x 0 are the initial transverse coordinate and its derivative, and the various coefficients are elements of the first and second order transport matrices R and T . The matrix theory of beam transport is described in detail in [4] . Minimizing the second order nonlinear effects present in Eq. (1) requires the implementation of sextupole correcting magnets. With two symmetrically placed sextupoles (labelled S in Fig. 2 ) set to the appropriate field strength, ELEGANT [5] and PARMELA [6] simulations of the Neptune beamline predict that T 566 can be made to vanish and T 561 and T 562 can be reduced in magnitude by about half, resulting in bunches with the sort of phase space distribution and current profile shown in Fig. 1 .
RECENT RESULTS
To obtain information about the effect of the sextupoles on the longitudinal distribution of the beam, the beam was chirped in momentum by injecting it with an RF phase offset of -28 degrees relative to the crest of the accelerating field in the accelerator cavity. The bunch length was then measured at different sextupole settings using CTR autocorrelation. Transition radiation emitted by the beam at a metal foil on Screen 14 of Fig. 2 , oriented at 45 degree incidence, was autocorrelated using a Martin-Puplett type interferometer with wire-grid polarizers [7] . The RMS bunch length σ t was extracted from the interferograms using the time-domain fitting procedure of [8] . The extracted values are plotted in Fig. 3 as a function of sextupole field strength κ. The fields of the two sextupoles were set to opposite polarities. The data show the dependence of bunch length upon the magnitude of the sextupole correction, with an approximately two-fold compression occurring near the field value κ = 1094m −3 . A theoretical curve, extracted from simulated data generated by ELEGANT and PARMELA simulations, is superimposed as a dashed line. These simulations indicate that the compression and then decompression of the bunch length with increasing sextupole field strength seen in Fig. 3 is due to a "folding over" of the distribution in the z − δ phase space caused by the quadratic momentum dependence from the T 566 term in Eq. (1). Maximum compression occurs at the point where this effect is minimized, corresponding to the value of κ where T 566 = 0. The discrepancy between the theory and the data in the last three data points is most likely due to the sensitivity of the fitting procedure used to extract σ t on the exact shape of the current profile of the bunch, which was not experimentally known, and was most likely changing as a function of the sextupole strength. A gaussian profile was therefore assumed. Although this assumption is dubious, it was used in analyzing both the real and simulated data, and therefore the two results match qualitatively. The essential problem is that since the phase information of the CTR signal is lost in the autocorrelation procedure, the complete longitudinal profile of the beam cannot be reconstructed by this method. This difficulty points to the need for a more sophisticated diagnostic of the current profile, which we expect to be provided by the deflecting mode cavity, discussed below.
EXPERIMENTAL PLAN
The UCLA Neptune Laboratory will serve as the venue for proof-of-principle experiments designed to test the feasibility of the beam shaping mechanism described above as it pertains to the creation of a ramped bunch capable of serving as a drive beam for a plasma wake field accelerator. A schematic of the proposed layout of the diagnostics with a table of parameter goals is shown in Fig. 4 . In the table, "Initial" and "Final" refer to the exit of the linear accelerator and the final screen of the diagnostics section respectively.
Deflecting Mode Cavity
The proposed diagnostic for measuring the longitudinal current profile of the compressed bunches produced by the Neptune linear accelerator and S-Bahn compressor is a linearly polarized T M 110 dipole mode cavity, being developed in collaboration with the INFN Laboratori Nazionali di Frascatti. By correctly designing the input power coupler, the polarity of the transverse magnetic field in this mode may be selected to correspond with either the x or y axis of the beamline. When a beam is injected into such a cavity at the zero-crossing of the RF, it experiences a transverse momentum kick along the orthogonal transverse axis whose strength is approximately linear in the arrival time of the particles. As a result, the longitudinal distribution of the beam is deflected transversely and can be imaged on a simple profile monitor located downstream [9] . The final transverse RMS beam size along the deflecting axis after a drift L following the cavity is given by σ 2 = σ 0 2 + σ de f 2 where σ 0 is the spot size with the deflecting cavity turned off and σ de f is the contribution due to the deflection, given by [10] 
where σ z is the RMS bunch length, f is the RF frequency, V 0 is the deflecting voltage, and U is the beam energy. The achievable temporal resolution can then be written
where ∆x is the achievable spatial resolution of the profile monitor and the camera and optics used to view it. The transverse voltage is related to the input RF power P by V 0 = √ nR T P where n is the number of cells and R T is the transverse shunt impedance. Based upon various spatial and hardware concerns, we have chosen a 9-cell standingwave π-mode structure operating at a frequency of 9.3296 GHz. This gives an estimated shunt impedance of 680 kΩ per cell and a voltage of V 0 = 550kV at an input power of P = 50kW . At this voltage, the temporal resolution given by Eq. (3) is on the order of 30 fs. The 9-cell structure was designed using the commercial RF modeling software HFSS 9.0. An image of the cavity geometry from these simulations and a plot of the (magnetic) field profile are shown in Fig. 5 . In order to optimize the geometry and input coupling, a 9-cell cold-test cavity was recently constructed based upon the simulation results. Field profile and frequency measurements on this structure are currently under way. 
PMQ Final Focus
The relationship between the transformer ratio and the bunch length for a ramped bunch (R = k p L) discussed in [2] imposes a restriction upon the plasma density n 0 via k p = 4πn 0 e 2 /m e c 2 . For the predicted bunch duration in Fig. 4 and a transformer ratio of at least 2, the required plasma density is 3 × 10 13 cm −3 . For operation in the so-called blowout regime, where the transverse plasma wake fields are predicted to be linearly focusing with an accelerating potential that is constant across the width of the drive beam [11] , the bunch density must exceed the background plasma density (n b > n 0 ). Consequently, for the bunches generated by the Neptune dogleg compressor to be useful as a high-transformer-ratio drive beam for a future plasma source operating at densities in the 10 13 cm −3 regime, the bunches must be highly focused to a transverse spot size of 50 µm, with a beam charge of 300 pC.
The experimental plan for accomplishing these goals is to implement a strong final focusing system in a triplet configuration using hybrid permanent magnet and iron quadrupoles with shaped pole-tips. These permanent magnet quadrupoles (PMQs) are currently being designed and built at UCLA. The proposed location of these quadrupoles on the beamline is indicated in Fig. 4 . The magnets were designed with simulations using the magnetostatics code RADIA [12] , which gives a predicted field strength of 130 T/m. The PMQs will be positioned relative to each other on separately moveable linear stages, permitting the effective focal length of the triplet to be adjusted by varying the spacing of the magnets. Particle tracking simulations of the final focus layout of Fig. 4 using PARMELA and ELEGANT predict final spot sizes of σ x = 42 µm and σ x = 36 µm for a 300 pC beam, with final normalized emittances of ε N,x = 9.32 µm and ε N,y = 6.79 µm respectively.
CONCLUSIONS
We have reported on an experiment at the UCLA Neptune Laboratory to generate ramped electron bunches for application as a drive beam for plasma wake field studies, using a dispersionless translating section or dogleg as a bunch compressor. Previ-ous experimental results [1, 3] have indicated successful operation of the beamline in a regime predicted by particle tracking simulations as being suitable for compression and ramped bunch generation, as well as use of the sextupole correctors to manipulate the nonlinear horizontal dispersion. In the present paper, we have presented additional results using coherent transition radiation interferometry as a bunch length diagnostic. These results provide direct evidence that the sextupole magnets can be used to manipulate the longitudinal shape of the electron bunch in a way that is qualitatively consistent with theoretical predictions. To obtain a more complete experimental picture of the longitudinal dynamics, we are developing a deflecting mode cavity for use as a diagnostic to measure the beam's current profile at the 30 fs level. In order to make this beam suitable as a high-brightness drive beam for future plasma wake field studies, we are also developing a permanent magnet quadrupole final focusing system to achieve spot sizes on the order of 50 µm and bunch densities in excess of 3 × 10 13 cm −3 .
